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oacccrrmr heamws a nunraaBAKSVH oil shale -jo 

CXtME PEJWEMILm MX) SlftSFCUtfWttY PTOECC3J OIL 

This invention ralatsh* tr> raToimri 09 oil. from a iiArbarrainan 
oil fitoalti by imam of » oavSuctivt* heat driv« pmneww, More 
particularly, tha invw7tioo relates to treating a relatively thick, 
3fid substantially ccrplwtnly inpartKable sufotcrrftna» oil Rhaia by 
5 iioanfi of «. conductive boating pxojm u which both creates a 

pern**]} la «iw within a selected portion of tha- ni i shaie and 
wabssqueHftly produo™ wl hydrocarbons. 

A pmxm*bility-*U3a& type trf conduct! w heat drive for 
producing oil from a sutofcerranaan nil aha l a vax invented in 9w^ctan 

1U l?y r . rOurjgfttrcxun. That process, which vaj invantad abnot 40 yearn 
ago, was ceamarcially u*w4 cn a arnll scale in tho l$Mls. It i» 
dcacvibarf in Swedish Patent* Nt», 121,737> 123,136: 123,137; 
123,138; 125,712 and 126,674, in Unibad Gtat«* Patent 6b. 
2,732,195, and in jocuiaX articles such tm: "Und«rgrcnrr3 Shale Oil 

l r, Pyro lysis According to the Ljvngstxcan Method" , IVh Vblwm ?A 

(-953) No, 3, pogas 119 to 123, and "Net iXnsrgy Etecovoriea Par t*ib 
In Situ fcialactric Hwtiag of Oil Shils" , Oil Shale Symposium 
Proceedings 11, pacjaj 111 to 330 (1978). In tha a«diah praoaea, 
infection wells and fluid producing walls were ocnplated 

JO within a penrenhle rear-surfaca oil aha la faimation w that tJierc- 
was lass than a thxaa-n**tr* separation b*ta»an tha barahslaa, lh» 
>«*t. iro action wells vsre equippad with elactxical or other heating 
dlcnonts which Mi* nxrznunoad by a raws of material, such as sand 
or cMnwit/ arrangsd to trwisait hut into tha oil shala while 

25 preventing any inflomnq or exit flowing ol fluid. In tha oil shala 
for which tiw flWMrli tth prouass vu daaignad tested, ths 
psxraeabiJ-ity was such that, duo to a continuaoa inflowing of <jrotmd 
wrtar, a continuous pxpiiq-oot of vator was naadai feo avoid 
costing anargy by ff va ^at'livg that water. 

30 With raapact tn aubataritxaliy cospletely ijppamaabla, 
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relatively tfcao and wlaLiveiy fchi«x oil stole deposits, such u* 
tJvsm vn tlx; PIcwwtcb Iiwia in tfcm tliitAi state*, ttm pn*«nMlity 
o£ utilising ft couduufcivi! heatiiyj prooa*» for produeiixj oil Nas 
prcvlcoaiy oonsidttttd. to be « aooordiji] to prior tcactiingB and 
belxeis «;:nncmicaLLs> urj£vamtal«i. Fbx uxarpla, in the 
ahcve-idcntifiwi OU Shftlo Syuvonvur*, the Ljimjiitroan ixroct>ss is 
charsrusrittxl <w a pucxwRfl which , ,*icccMiuliy naiwmd shalo 
oil by ecii&aftia} tubular e.lacLrlcnal b*«ting elaitnta within 
high-<rr«itte «*wle deposit*. This meuhed r«liad on ordinary tJianmi 
diffusion for ah*]* botiti/ig, which, of ooutm, raqiixes Laigu 
tMipenrawrG gradients. 'Chus, heating **a vrry nuo-unif am>_ ratha 
<*>re required Co folly retort smll sa blocks of «h»l*. 

Also, jauii bMt energy was waitnd in undtrhiioting tli« chain: rwjir™ 
b^oorl the pariphary of tt* i-etrxutjTig 20110 and eAwrtMaijJto. the 
Kiialn closest to th« hent souroa. Th*. latter prdblao i« especially 
important iu Lhe com of I*wt*m aha2i« r torn tJxo»l «r.«rqy i.n 
overhoartad zona*, n«nnot b» fully recovered by dittusaon duo to 
aidothattidc reaction* which taka place abova ataajt $00 "*L\» fp«j« 
315). 

In AubstantiAlly in^smeabte typa* of relatively thick 
oulAfcrxATwo oil shale fccm»Ucos, tho crwtijvy and mabxtainio? of 
* pcr.i*_\ibiu tone lihragh tfMeh tha pyrolyais product* enn be flowed 
lias been fourd to ba * severe prubienu In us Patent Kb. 3,468,3*76, 
it ic fltated (in colfi. 1 and 2) that "Eherw are two jsocJidxilsra 
Lnvolved in the transport of b«ot through the oil shale, Heat is 
transferred through th» mliA tm&u of oil phals by conduction* 
boat is aimj fcraivsferrod by oonvectinn dirouQh th* «olid taps of 
oil uhale. tranaiur of h»at by conduction in a relatively alow 
proowsii. Tha avarag* eheraal uondurtiv* fcy and avaroga thenwU 
diffusivity of oil ahala are aiwut thoaa of a firebrick Tbm raatxix 
of (Dijd oil shale has ao #Ktr«nely low i*rxn«biUty nuch Hl» 
uo-Tlitwid parenlaj.ru As a ro*ult, tha ccwcctiv* farwwfer of l^at iu 
lindtAJ to hMting by fluid flow obcaincd Id opwi ctamfls which 
tiRVCfM th« oi.l ah«l«. 'ibeftd fkv rtwnrels my b» natural and 
artificially ioducwa fracturos. ... Gn hi*ating, a layer of 
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pyrcJyzi-d oil sbala builds adj&uaiit tha charttcl. Hd» Uywr is en 
inorganic mri^eral matrix which oontAin* varying ctegrocs of wrton. 
We liyor an evca^sxpanding barrier to l**it flew fro* tha- 
Seating fluid in the channal. N tt-e patent is cliiwcted to a proa«Hn 
for ci reflating hnatatf oil iihala-pyrol yzl*g fluid through a flow 
chama] **ile rtdding abrasive jjLirticlfts ro tte cirx.nlating Jluld to 
erode tha layer ol pyrtMyTWt oil fihal* being fonred adjacent to t]io 
channel. 

Although tha thennal cceAictivity and ttadmi diffi«a.v.tty o£ 
™ny subterranean oil shales ana, in fact, relatively ami Ut to 
Lhoso of unglaxed poroalain and firebrick, us patent Nd a, 2 37 ,689 
postulatos that "a rapid advsncv of a heat fxont- (Col. 3, Lun 7) 
can bn ohtaijicfl by nxchancp.T)g haat between the oil shale and. a 
nuulaar reactor eoolinq fluid and daacrxbes systems far u*ing such 
reactora «ithar located on the earth' h aui-fac* or In tJto oil abal* 
depoadt. 

i>S Patant No. 3,2M,281 any* fat Col. 1, 11dm 3-21), "Thft 
production of oil fxon oil shall, by haating tha ahalm by various 
cnaan* guch as ... an alactrical raaiatanra heater ... has bean 
Atteavtad with little aaccc«m< . ♦ . rcacturinn; of the shala oil 
prior to ttm application of haat thereto by in nit a ooabuation ox 
othwr means baa bsan practised with little success LttoauM the 
ahal« «wBil 5 upon luaatinq with oansatyuant partial or ooaplete 
closure ot the fracture. Tba patent deacrUM* a ptocbim of 
anquenmlly heating {and bbus selling) tha oil ihala, then 
injecting fluid to tydraulieaijy fractur* tha ejwoiiiat shale, then 
repeating tl»M vtitpe until a hoat-*tflbl« Cractare has basm 
propagated into a production wall, 

i)S patent ho, 3,455,383 describe* tha aocccittlatiM of 
pAitially depleted oil ahale fxagaent* within a flow channel such 
as a horixantAl tracturo being held open by the pceaanra of tha 
fluiiS within tha channel. Vhk patent discloses that if the channel 
rexjf is liftaad to saintain. a flow path above such a layar of 
dep]«t-*d stela, the overlying focontion» mmt ha bent A/vJ, without 
precautions, will bond to an extant eauaing fractures to ax-tend up 



to fhm surface of tba «arth. Vcc patent ir directed to a proce** of 
InternrittaniJy rotluoing t2m prMflurc an the fluid within suci] jir 
f iracture to allwr the *-eight of the overhurdai to crush and compact 
the layer of depleted shale. 
5 fn a 3i<jnificant portion o£ sub«tanttaJ.ly iittpttrwable aivi 

relatively thick oil ahal* rtepc«ita, tucJi a* those in the Pioeance 
Basin, a valuable resource uf alininiim is present in the form of 
dawsonita. In us Patent No. J, 3*9,975, directed to recovorijaj 
aluininlCH value* 1 r» retorted oil abela* <#h1/ah. have bean mined out 

10 fraip euch devositu, it 1* pointed out that, in a substantial 

absence of water, at tenjaeratures of about 1300 m 9 the dawwriifie is 
convottad to crystalline sndiisn aUsarato. Such a wwter-frae 
retorting cod daconpoee dolomite is the shale bo produce carbon 
dioxide, calcite, and vmgneelun 0x1x3b so that iregaeaium oxide 

]S cantiinea with part of the silicon dioxide in the sliale, in a rwnnar 
permitting a higher recovery ot the aluninium valum by a loacMng 
process. US Patent Mo. 3,502,372, directed to utilizing solution 
mining to recover daweonibe, Indioataa that «here the pyrolyai* it 
effected by an aqueuue flnid, such as iteaat or the product* a£ 

2Q underground contention, it imiet be conducted at a Inw teojperatur* 
and thus relatively alowly, to avoid converting tJlc dawvznita and 
othav soluble aluniniue. ooopounda to an insoluble material such aa 
amlcite* In US Patent »J- -3,572,838, a slnilar relatively low 
teci?«rature pyxnlym a la alternated t*ith infections of an aqueoua 

23 alkaline fluid containing an acid- Insoluble chelating agent to aid 
in leeching dweonit* without forrdjiq susb insoluble materials. 

The present invention relates to a faroceee far conduct i\*ly 
lieatLng a aobterranean oil shale fonrwtion in a manner arranged Cor 
praducijng oil fxca a fiototarranean oil ahal* focxetiDD which is, 

vo initially, <rabatantiAUy ixcemenble. In accordance with this 
iiwantiua, the portion of oil ahala deposit to be treated is 
selects*!/ on thai basis of the. variations with depth in the 
cn^joeitlan an properties of its exjsponents, to have procertiee 
capable of intaeaeting in a icanncr which enhances the imiforxaty of 

35 the heat front* to an axtent limiting tba tire» and energy 
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«xpeoditure» producing tha oil to values equivalent Co less than 

tha value *C tha oil whtcLi 1* product. ?H<s selection of the 

traataant intirval is baeed on tha jrade and tbickneei* oZ tha 

portion of oil chale depouit to be treated and the enhancement it 

provides awiountB to reducing the aiftount »t heat energy lost duo to 

exothermic side reaction* and inereaeing the amount oi oil 

recovered fro* a qivaa ?rada g£ oil shale. 

In accordance with tM« invention at Lun two vails ace 

completed Into a aubterraneen oil abaie traatnent interval which 

10 is aubetantially inparieable, contain* aubetantially no uobll* 

water, is at least about 30 n thick, is capable of confiding fluid 

at process praiiun, at leant substantially within the ureataant 

interval, &nd ccntatoe » grade and thieknesa of oil scale auch 

that the average tftadt la gallons of oil plua gas equivalent par 

ton by Fischer fliraay ia 4t leaet about 10 and the product of the 

?rad* Lima* the thitfkjiesa It) oatraa of the oil lhala ia at least 

about goo. 

Thus, the peasant invention provides in a proceaa In 
which cil la produced Crca a eubtarraaean oil shale deposit by 
20 extending *t least on* each of heat-injecting end fluid-producing 
**Us into the dapoalt, establishing a heat-conductive Sluid* 
iiupemeabJe barrier b^ttfeao. tba interior of each heat- in jec ting 
well and tha adjacent deposit, and then heating tha interior of 
each heat-in^eeting w«U at a taaparatoxe eoificleat to 
eoitductiveiy heat oil ahal* karogan and cause pyrolysle products 
to tor* fractures within tae oil ihala deposit through which tha 
pyrolyals products are displaced into at least one production 
wall, an laprovamant for enhancing tha uniformity of tba beat 
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fronts aoving through the oil saala daposit, which cacuprlieei 
deterffliniog variation* with depth in the composition and 
propettia* ot tfe« oil ihiU deposit; 

completing aald heat-injecting and fluid-producing w«lla 
selectively into a treataent interval of oil shale in which 
the oil shale dapoett (a) is ftt least about 30 in thick, (b) 
la substantially liaperaeable and free of nobile water, 
(<:) h&e e composition, aud thiekjneea such tiiat the product of 
10 the average fiPCher Assay grade tiaes tfce thickness of the 

treataent interval la at least about 900, and )d) thereby 
contain* conponenti* capabl* of interacting in a manner 
enhancing the unlforjilcy of a front of conductivity 
traaseaitted heat, with uaid wells being arranged so that, 
at least substantially throughout aaid treatment interval, 
the veil boreholes are substantially parallel and ara 
separated by substantially equal distances of at lea«t 
about 6 mj end 

within the interior of each heat-injecting well naintaining 
20 an average temperature which, selectively along said 

treatment interval , is at least about 600°C, but ia not 
high enough to themally damage equipstent within th* well, 
while lieat la being tranaaitted away tton the wall at a 
rate not significantly faster than that permitted by the 
the r rial conductivities of the earth formations adjacent to 
the heated late rial within tba veil. 

In a lDcatloQ in which a subterranean oil shale may 
contain portions vfcica axe generally suitable for usa *« a 
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treatment interval (a* d.eicribad abov%> but *ra ape to b« 

paraoated by aubetantieiiy diaconnactfld natural fracture* antivor 

Planes of vtakness as *ell as being locatad near bomxdariec of ttm 

gil recovery pattern and/or near 4 potentially active aq«iitr. tha 

operation of the pra»em process can advantageously b« combined 

wit*! a U3* of "guard uelle" located n«ar the pariphery of the oil 

recovery pattern aad/ou betwo«u a production well and an aguifar. 

Such guard well* ar* extended, at l«ait auhatantiaiiy throughout 

tha vatticaj e*t«nt of the treatment intervala and the adjacent 

fonaationa an initially haatad by theraal conduction in a eannar 

•imilar to tiiat employed in tha heat- in jesting wolls, except that 

the guard wolla ara heated. »t temperaturee which ara too low to 

yaaify ■ igrmcant proportion of the oil ahale organic exponent* 

but are high enough to cauie a aignificant therwal expansion of 

the rock matrix of tha oil anal* deposit. 

in i on a inatancoa, it nay b« deairable to maintain aqch 



relatively lc» twrpeuatiu:* guard will heating throughout At; least a 
substantial portion of the shale oil riioovery proreM. In other 
instaucso, altar aa initial relatively low tttiejwratiJMi heating of 
the guarrJ wlls, it joay advantageous to lisat guard m?11m 
3 ahcut the tmperacurc ac looted for the bMt-in^ecting walla, in 

order to expand the pattern of wadl» frr» nhich o.iJ in displaced by 
thermal conduction. 

a* used be rein iv^arding the grade of the portion of oxl shale 
to be treated, the "average grade in gallons per too by Fischer 

to ASfiay" r*£«rs bo the following: Tlie detertdnation is car i.3 

equivalent ta a daterndnatinci conducted aidistantially ait (HscTibeei 
in tha Afittl Standard TVftt Mathnd n 3904-60, Crushed row uhala in 
AinplAd by riffle-splitting. The detazsdiation of the amount of eiil 
plua gas equivalent available* frao oil shale is node by heating tto 

15 r&w shale fxuti ambiant temperature to 500 *C in caet alumy-aias- 

alloy retorts. The vapour* distilled ftw the sample an cooled and 
tha condensed fraction is collected, Tha oil and water fractions 
art Mpirafad, the vwter voluni (oonwirted to weight equivalent) is 
nraa&ured and subtracted from the oil plus wetsx waigfat, weight 

20 of uncondonsabls gas — evoLved Igaas-plus-lo&a) is than calculated 
by difference, the grade, as used in the "grade times thickness in 
tuertree of oil shale" product , is the gallms of oil plus 
liiydrcoarbon gas equivalent corrosponding to the total »**ight tsf nil 
plus hydrccarben 9&s evolved fay tha bating. 

25 wells are completed Into the treatjsant interval and ar« 

arranged to prcvida *t least one each of heat- in} atting and fluid- 
producing veils having boreholes which, substantially throughout 
tlx; treatment interval, axe aisastantially parallel and are 
separated by substantially equal distances of at least about 6 til 

j(j la tKiuh lauit-ifriecting well, substantially throuytout the txeaizssnt 
interval, tho wll-suxxooiding face of the oil shale fon tnt ion is 
sealed vith a solid XBtorlal and/or eenent xhich is relatively heat 
candostivft and substantially fluid inpenteeble. In each fluid- 
producing w» 11, sobstancially throughout tho LteeU e ut interval, 

ji fluid ODrnsmicetion is *?jtah1.ished botwoon the well borehole and 



tha oil shale formation otjJ ttw la arranged lor vuwfcjcinq 
fluid iron oil shale fon»atii*i> T^e interior of «ch 
lra>at- injecting im31 is heated, at lout Bubstant: i ally thtoucjjcut 
the trcatawnt interval, at a rate or rattMi rv^whU of (a) 
5 increasing the ta«p«r«tare with ill the borehole interim: to at lease 
iiawt 600 'C and fh) maintaining 4 borehole interior tmp?!rature of 
at leaet ahout 600 *C without causing it to becons high ancugh tn 
thcnmliy damage aquijxreiit within ttat borehole vMl« tJve rate &t 
which boat i* generated in the borebolfl ia wbetant3j3Iy equal to 

](j that pernitxed by the h^at cxwiuctivity of the oil khale iotx mt im. 

In 4 preferred caixriUimnt of the present process, the. urtjerial 
for ao&liiy the face of the oil fihaiu forma l im along the borehole 
of at least ana btot.-ijvjflrta.ng veil ia a closed bnttrri riwring 
grouted by cexunt oxianged to fiU substantially all cif the spaej* 

i i batwsan each outermuit mitnLlic elemcrt present; within tha interior 
of tbs fcxarehola and the adjacent faoe of the oil stole fornwfcian, 
with said ocsnact having a therml oondustivity at least 
•ubiitanttaUy as high as that of the oil shala forwitiun. 
Dattanalnatlovs are mod* of variations with depth in tba 

20 ocupaaiticxi and prapsrtifi*> of the oil shale deposit and, in a 

particularly preferred procedure , based on the. variation with depth 
in tha hear, oonduztivlty of the oil shale deposit, tha htat- 
iirj acting w*U* axe located so that relatively higher Ceaperaturoft 
are applied at depths adjacent to portiflfie of tha oil shele deposit 

25 in which tha heat ccndQcti.vi.ty is relatively lev. In addition, or 
alternatively, in various situations, the effective radius of at 
least one htart-inj«cting \#*JU is increased by creating an expended 
portion of the well boxohole mid extending haat-coodaotlh? metal 
eJmnts from within the heated well Ulterior to near the taril of 

jo tha expanded portion of tha boeehola. 

The present prcoese is valuable for use fcithio a treatment 
interval of oil shale whicfc contains other valuable adaecalfl such a* 
dameonioft aod/or oahoolit«. In such a situation the proaant prooefis 
crnetes a penocabli* vac* xWch ia selectively located, within t]« 

35 treatornt later vol and substantially within the Jxrodarics of tho 
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wil paLtoru ua**d tor the oil pioJucticm, Thm rtwultant pcmaaahla 
7xm* i.n a ioxw firm whicti surfi otlvsr Mineral* can fc» anliniion- 
mined* 

In general, the present invention is applicable* tu 
S substantially any subterrunaon ai L flhale ieposit containing an 
interval of wubwtanH ally irs^jttttabla oil sha]« which la 
suhatant. tally free of mobile Katat, is tore tinm nfcnut 30 ti thi.clt # 
ucjd his an adequate avsn^ grade In gallons par tixi (Pinrhor 
As&ay) to give a grada-thickriSM product of about 900 or grfcjtm: . 
10 Ths «uorao« grade of the heated iaturval should he greater tJian 

about 10 fjallotifc par ten (Fischer Assay) . Vfithln than lim-tationc, 
a highsr grade- thickness product i.» increasingly danirabl* if othar 
condition* aucb «i depth remain t±w uanm. 

Tte invention vrill iiow be explained in greater detjiil witK 
15 i»fer«rc» to the aocttH«nying drawings, in uMchi 

rigma 1 shows a plot of relative rate of return (KRJ icac l'J82 
US dollar* invested in installing and operating the prooo&s of thy 
prosont invention, a* a function of oil grade-thickncM 
tGxTH] product, tn produce shale oil at its 1982 valae, 
20 Figuxw 2 illustrate* a plot of themal prolilas at an 

dbearvation wall regarding t«s*ratiji«s measured at dif feasant 
depths (D) and tiawi vithin that wall. 

Figure i Is a plot at ttw radial thamal profiles at tha 
adddla of a heated rone altar different tiim of heating. 
23 rigors 4 is a plot of ttennl otoaductivitiaa- pivaUal and 

ptapandicular to the balding plauaa of an oil shale as a function 
of teopcratuttt. 

Figure 5 is a graph of Hscbsx AMiy yiald with dBpth tD) In 
and abevo a basted paction of suboerrscdan oil stasia. 
30 f iLfurca 6 anJ 7 arc plots of horizontal and vortical 

tnrifKcatMre profiles within a haatad portion of subterranean oil 
ii-Jilm fomatico. 

Fignrs 8 in a scheofctic illustration of a pectico of a *«Ji 
exc© lotion Mxx-mxfirmt to! table for practising tha f— 
35 invention- 



wil paLtom used tor the oil proJuoticn, Tb« rvrolfcani: pcnaMfola 
zfwie fii a zon*> fjxrn whLct: strJi other citwxal* can be ariIiTfc.1 on- 
mined* 

In g-tnaral, tJie present invention La applicable to 
s cubfi.toritia.lly any subterranean ail .snal* deposit containing .in 
interval of wubetanHany iin»mtoablA oil ah*]* which is 
suhetiavrtially frco of rotaile Kacet', Is rorc than afcrait 30 ti th].clt, 
ucid has an adequate overage grade In gallons par tun (Fiecher 
Afifiay) to give a grrckHthidcnAm pnuduct of about 900 or greeter. 
10 Ths «VQtog« grade of the heated interval should be greater U\an 

about 10 gallon* pm* ton (Fischer Assay). Within thin limitations, 
a hiajinv grade- thiefcnaes product i.» increasingly desirable if other 
condition* «ucti »9 depth senain the nane. 

Hvs invention vrill ikw be explained in greater derail with. 
(5 :*ferwjce to the aoosenpanying drawings, in \diidoi 

Figure 1 shows a plot of relative rate of return (br] for 19B2 
US do 1 lax* invested in installing and operating the procoas of thy 
present invent ion, a* a function of oil ehale grade-thicKnesa 
CG>OH] product, to produce «taelft oil art its L982 valoe. 
zy Figure 2 illustrate * plot of tnsmal profilae at an 

db&arvation regarding teMperatuxes mnnd at different 
depths (D) and t»M within that will. 

Figure 2 is a plot of the radial th-anal profiles at the 
middle of a h-abed tone alt or different tinea of heating, 
23 Plgur* 4 is a plot of ttarxal oa&ductivitiee pnallol and 

perpendicular to the tedding plaoee of an oil shale as a function 
of tcopcratur». 

Figure 5 is * graph of Fischer Aeeay yield with dapth (D) in 
and abova a hearted paction of subterranean oil shale. 
30 f igurcs 6 and 7 axe plot* of horizontal and vortical 

tenfHcature profiles within a heated portion of stfcterraroan oil 
«lials> fecnatijon. 

Figure 9 ie a ecttteetio illustration of a portiao of a hbJ I 
ccf*pl*tion arrangement "suitable for practising the ua.ee e nL 
35 invention- 
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tar sard, Ljwgstxun teach-* that tha in mitu hwtiiig »a 
pyroly^iiig ahnuld. ho dorte in a portion of t]» impermeable Cormaticet 
which is vertically raontiguaua to a well-intuiomcfclnq fracture 
ur * layer tdiich ho» different gaological character and ia 
pwmeabLe to flow of the fluid p*odu*H of the heating tir 
pyrolyjiifl. 

Contrary to Uw implication* of siKft prior tftachin?* airf 
beliefs, A^Uc-wots Oiaoovarttd ttvrt the presently dawcr-ibed 
ct^-ijctive heating prooew is ©Mnomceliy feasible for use in a 
«±«tanti«lly Urperweahle wjbterrwwaft oil aha^e. Thie la nut 
obvicua, particularly in vim of the fact that the prmmt prcccsa 
uses A such larger well ^Jiflciing than that u&ad in tha Swedish 
pronewa and tha preen* process is conduct** by heating the 
injeetfon wells to taxeperaturw of at liwiat about 600 *C (although 
600 * c tw * Mid to bu conducive to an «oena«4calJy untenable, 
heat-wastiog, andtthennic reaction) ma tha Dil shal* Syxpoeduat 
Prrjcwdtngs mentioned above) . 

By means of laboratory and field teat avmraiwts and 
raatharaatdcil nooals of the present procoae, applicant* have found 
tliat whon the wells are spaced, awpiatea, and operated M 
preeently described, the only region in which heat energy ia 
utilized in an e«SctJwr*ic ruction aoocnt* to lee* than about 11 
of tha an* to h* heated, and tha energy lost in that faehion is 
inaa^uf iowtt- Applicants have infl*ittin»d the rate at which 
aubatantially Urpomabl. oU stale formtiana axe tested by 
conductivity, and have datCkrwir^d tha amount of hoot required for 
pyxolyiing kfironan aod thenaally parasaiririog the pyrolysie 
product* to prMMures capable of fracturing a relatively deep oil 
-jha l* fcomtion and thmramlly displacLna pyrolyai* prodnst* through 
tha ao-created perneability, 

fl» data obtalJMd ty such (Mdaoreoente in the field and in the 
laboratory have been employed in owl^iWicane of power requlro- 
meote, ooaraiLcs, tin to etert production, prtt^ct duration, 
xmrt of production, etc., in aathswtioal siMilatione that 
correlate wifch the fiald and laboratory data and indicate the 
imsgnitodeti of *ch factora in reepect to a full seals prnraw*. 
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T>x)«w calculations indicia that ttw presently defined pro-am i* 
tha only anal* nil ynxtuction jjrxx-m of whi.c*. ciyylicmtft arc awura 
which la capoblM of ccuiamicAlly opining oil frcn j i*lativcly 
low grade oil bhuie f omatifjn , soch as otn in which the Fischer 
Assay ia only 15 gallon* or laaa per tan. Tha a capability can 
i reread* thai petrolaum nme-yyo* v£ a aigrvi flonnt profKarttco uf tha 
oil stole land* by a Lactiir of six. In acWiucn, with respect to 
processes for u(V*rrjrouiid mining and dtriified in titu ratnrtSiKj ol 
all i*iftJe, th& pmaent piwin significantly iiv:re*pcs tha aac*x\t 
of. available reBGuruw by eliaumting t!w naatf tor support pillars 
and wtaxfaucdsn betvtedn waning zcvtaa and by providing a ncana £ur 
treating snbtfumtUUy all or a very thick unam/al of oil shale. 

Tha present proaee? can advantAgcouuly ba applied to jd oil 
ohalis roxmatLan in which there it significant connentration o£ a 
mineral such aa aarsewirtita or nahcolita. In such a Conation the 
pxeauw provida* « pexracflbla zone frocn *hich such a oioaral am he- 
raooverad. in addition, the preaent procaft* ia particularly 
advantagaaui in converting <3*w»anite to wator-wluble ocopound* tjf 
alwinluit (pncbably rho-aimiiwi) which have beam (both dwrdceLly 
and physically) iwle available far ^lutLon-snjiing to produce the 
aluuinatra — no uaaantlal notorial which is in ahnrt supply within 
the Unitad States. In contrast to many previously proposed 
processes, the process of tha present invention rcquir** *±r- 
stant.UUy ijd watar, involuaa winvwl lard disrupt ion, and ran ba 
ccndictad with minimal atwespbaric pollution. 

Figure 1 ate** the ralatiw rata of mtum Cor 1982 US dollars 
invested in installing and operating tha present proem in field 
appUcatiaw that hav* been larthratically nodal Led froo dnta 
olataitMii by field aod laboratory aewwxrants. 
MgftgLE 1 

A xbomm of injectiiin and production walla j a drilled into an 
oil «»hale fcfflmtifln 48 n in thickness with 120 a of oweriurttan- Tha 
average. oU grade of the intflrvsa l» 20 gallcrsa psr ten as cteter- 
iiiittd by «scbcr Anv/. 

TS* veil pattern k» a *cwwi-*pot with each heat injector at 
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tha comer of a regular haxaojan miriujncllng a central producing 
wtill. Tfca apucirg is 22.3 a bstwaan pnxiticers xri. ij^cctora. The 
pattern T^mmtn with producers uharing tba inj«ctnrp in each 
direction jial oontiraaa to tone & Ciekl-veLdto pattern capable of 
prexiuexng a larga quantity of oil. Tfcn in;Jaetoc-to~pnx5uc»»r ratio 
approach©* 2 to 1 iu a l*rg« fiaJd. Tn ESaflpl& 1 tba total oil 
prodacticfi is 25,000 borral* par day throughout the Ufu u£ tliu 
project* 

©» injection «9.Us electrical haatar* am nranted into iviie 
formation, and oonnaztari to * power souroo on tba aturfaca. Tha 
pxoducticn mails are oqui^wd.witb ntandanl oil field pjrpd for 
lifting tha produced oil to tbo nm-faca* The* electrical injoction 
rato Is 3.23 x lO 6 MU/toU per day. D» tMguitnn ni th* 
iiv)cctor* attain* 750 *C- production wolls raacto a terminal 
tanparatrura of 30 & *C altar ^ of operatke. Production 

over thi» period averages 5-6 barraln/d&y par wall, with the 
average nxhmt of «rt1va producing wells b»iag fro* about 4000 to 
5000. tioat cootiuaption im l.i x 10 & iiiu/barrel of liquid oil 
proiucticru 

Caaanoa products collected fro* tba production wells ray be 
uiMd for nn-«ite generation of cloctrieity or otbar puxpoaaa. The 
oil-phaao pefcrolciri ubiefa ia m> yguajoa d is superior to con- 
ventionally retorted sJiAla oil. The relative rata of return which 
oan be uqwetad fj.m tba Xfcaaple 1 situation Is illustrated by tba 
"EX- 1" sitmtiun designation c*x Pignre I. 
WCrtMPLK 2 

A Mriaa of injection and production wells are drilled into on 
oi.1 allele formation 225 n in thickneaa with 300 n of overburden. 
Tba avacage grade of tba oil ahale interval is 26 galla&a par tm 
a* ciaterafjiad by Fiscter aaaay. 

Thn wall pattern is tlie sane saven-apot described in Bxanpla 1 
exoqpt tha *pacioff Id » between walls instead of 22.5 n. Total 
prodoctti^n ia 2 J, 000 barrela/day txenqhout tba Ufa of bte project* 
Tbo Injector to producer ratio at ill approaohaa 2 to 1 . In tba 
we 11a* the beatoci and production w^ilraami am aiaiUar to those 
described in 1. 
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fr* AJcctrlottl injection ratfl is 10. 5 5 x 10 & B1UA»11 par n«y , 
TVu i/ii«cticn well tajporatuxiw r«*cn 750 *C and the prtxkjrrtirjn 
wells r<XLL:h a final tcr^cratiir* of n» "C after a pxcouction Ufa 
of 9-10 yccira. Production iwr this period avoragaa 42-4 3 
harr«lfi/<Viy per mtll, with tha average nuta? of. actiint prryUirj ng 
walls teing akcut 600. Bw» heat censucption i< 5,f> v io s IFlVbaxrel 
of liquid oiL produced. 

Aa in Ataxpla I, gaseous pnxk)ctat can ba u*«d for ca-fcitu 
power gcaicrjitiaD or othar purposes drxJ the. liquid produce viU )x 
liiqlwr in quality than oanvwtionally retortad shala all. Tr« 
mlatiwa rata of return whidi uan be fwpacced is illustrated by the 
"Eic. situation designation on Figure 1, 

TabLe 1 liata aryibinations of oil, shale graiw, t±iic*n«t»» 
and <jrade-Chicta2M yctiducta which are generally auitatola foe \vm 
in th« canp-sm^, process. Tta L-elative powitioofl of such grade 
thicknL*& ^Atatijcta with respect to the relative rate* of financial 
return sra illuatratad by the designation* "Pi^fwrriki Ronge"(F.RJ 
and "EepeciaLly Prcforrod tanga" fB.P.E*.] on figure I. 



TRBIg 1 

cerate {gallons/ten) P yudmeos W arada x Thi&awt** 
30 30 900 
20 45 900 
10 90 900 



Msrw deairabla grads thickness exat&iea are ntiown as follows: 



Grarfa fqallaow/tnn) nucXnoeS (») Grade x Thidcwwi 
30 15,0 4500 
2-5 60 1500 
20 300 6000 
15 «X1 9000 
ID 225 22SO 



la <jw«ml ( th« higher Che <jradc thickneaa product tha tot© 
ckawirubla. tta practical application ie United only by ttm Ability 
to hwrt thm da aired interval. 
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Field T>sl frMCuraoant* 

Tfest» wane oonthtotud in an cotcrqppinq ot hx\ oil shale 
fQimatioci which is typical of miwtwKially Irt-MmnaMu «yl 
relatively thick oil shaLc (topoyita. Thirteen borehole* ware 
drilled to daptha tetMeen 6 and lz » and w*r« eurrangod to provida * 
pattum of boat-injitotinn, observation uid fljjnxa-proAictian *sll», 
vitJi trie borcbolo* L^iny *pacecl About 0-f> n apart in order to 
prcwide a rel atively rapid acquisition of iVita. Haat wan ijvjeofccfl 
at a rata of about 1000 **tt* pu n»tr» for five dcyi. Aftax the 
heat-injection wall tewperatore bad reached 450 *C, a taapaxutur* 
faJ.J.^ctf test wai* run for ana d*y. 

Figure 2 shows the vertical tbanal profile* in an *saxvatiotl 
well, as a functus oC tixio, Zha data w» fitted to a uothK»fcica\ 
solution dftccrihing the tcnp&ratur* dintribaticn axtxnd a 
finite-length liny aanrt3» iiicide a nadiun of tharual oaaductlvity 
(p«r*ll«l to bedding) 3.25 t*»l/cv3ec-*C and thamal oandoctivity 
(panpandlciilar) 3.25 ma*l/a*-w*G~*C. tVie Bpeolfio Ittftt capacity 
utili2ed ia t*» calcolatlais u&s «*euted frcn tf» theraal 
conductivity, tharflaa diftosivity, and avexaga bulk density of 
ooraa reroverod durlrq drilling of tJie well*. Tha therwepbyaical 
prcpartiea foe the tba oil bhaXe in Which tixa taatif viara crjiductad. 
are sunruricad in T*hla 2. 

TftBLK 2 

Initial Besorvoir Ttavaratnra 
Fischer Assay! 
mi IX Density j 
Thannal Difxueivityi 
Specific [JCat Capacity; 

Figure .1 ahaws radial profile* ewputad Cor tha middle of tha 
)*»tcd 2a» for various boatingr tint* (tK At the end of a 
temperature tuildKa? tnat of 140.5 hours, tin MtMji fbnratian 
tflOpecaturo Imlvnn the beaten; and db&xvatiaa. wall waa 120 *C. 



9.8 *"C 

20 gallcn/tr* 
2. ZD (jb/or 3 
6.6 x 10" 3 ao 2 /i 
0.224 cel/fla "C 
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Fi^un* A shews a comparison of laboratory wt-ium *nd fi*ld 
data ryiiiti'/* to the chsnral oaiductLvir/ parallel tn arri 
pcrpondicular to the baddanq pianes of the oil ahnlo fbxraation, u 
a function of tHiqperatiara. Ifce la Ti n r a t o ff y oor.£uctivity itoofiurttwnts 
5 were HBde on adjacent bxaoluu of ceres Iron die obifcivatlnn well, 
ciing ^cm« o^rcs. cut parallal to aid rani cut pexpedxiicultir to tiic 
bedding plana*, A rvi trogen^tnofipher* tea* uaad to •Uxdnafa 
ottidation rw^t.ioci, Tha samples >»re ccnctraircd lit the vertical 
direction but ware Irea to expand radially. After the sanploc v«ra 

10 heated to &00 *C, die radial expaneion averaged 1.45%. As shown in 
thy figmw, the laboratory valuoa am in aananapt agroeramt vii^i 
tl\a v&luw ccnpitmA fixm the field data. Iho tuutu indicate t>at 
the therttl conAjctivity iu inmr ii> the direction pcrpa&ilicular to 
heckling plrao, because, kerooen layer* ham a lower condoctivifcy 

l s than tha dolcndte matrix. AC tenpfcratures below 100 °C, the tharBeiJ 
conductivity i» *»*antially ieotnopic, as observed in the field 
tests. But, that conductivity lw.i.— ■ increasingly anisotropic, a* 
th* kerogen is rcooved (at teirparatnrae l ilm w u 300 and 400 *0 and 
gas begins to occupy the spaces between tha layers. Xxve 700 *C, 

20 both tha parallel and perpendicular conductivity dicnm sharply 
due. to tha dacoaponitinn of the cblcadta and evolution of CO^. 

When a subtcrraneeia oil shale fiomwticn is heated the oil 
ahaLA expands as the bCDcerature incroasM, Vhm the oil ahala 
tm^uratura reaches a Jcerogw pyrolyziag tcceporature { far owaplc, 

25 frc» about 27S-525 *c} additional expansion farces are generated* 
Tha Jcerogen is cx»«rt«! to fluids capable of occupying a larger 
volun» than tha kazogan, and such fluids beccae increasingly 
preeeurozed when the tenptraturc Is inertaaod. as more fluid ia 
Coxnod and root fluid ia heated, hydraul-Lcally induced frectures 

30 £om withia tho oil afaala fouwtion. 

Fractures which are hydrsulaoally induced withbi subterranean 
Aai-th foxnationa fin a Long pianos perpendicular to tho least of 
tha threw principal cc^rwwriw aUeegss (i.e./ one \«rtical «d 
two wtuilly paxpandicular horizontal uiwpi e a aiY* stress**) tfiicn 

Yi exist vitfaio any sisrtexraneen aarth forxartion. Hcwever, where tha 
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hydrauUc fr&ctunwt tend to to vortkAl, horiwxrtal fractures can 
be forroed by lnj^ting hr.at.Pd fluido so that the well* of the 
vertical fractnroo arc Iwated u7tdJ they swell shut. Then, by 
increasing the fluid injectiai prtto»>un» tn greater than ovtirburdwn. 
pressuro, a borixontai fracture can o* formed, Such processes Cor 
thrrnally inducing the fontwticn of horizontal fractures by 
injecting externally haatnd and pressurized fluid* are itescriJxxS in 
patent* jwch as t]« abcve-i»ntiarjed US Patent Ito, 3,2$4 r 7fl1.; U3 
Patent No. 1,455,-391 by C.S. Hattha», P + Vamvnra «d C.w. Vtolek, 
ftnd US Patent Nb. 1,61.1,785 by P.J. Cloictem. 

Applicants have ixm dieacrvenoBd that when aubstoitially 
iirpeCTeahJla swbCftrrancaft oil shaiea twring bbc prtteantly specified 
ccavbinafclaa of grade end thictaess bexe ccoducti^ly hcatvd av 
presccrtiy si»=Lfi*d, a tctw of panieebility vu sieve icped between 
well* within the oil ubuin. Although the prosac/t invention is not 
premised on any particular warhani wi, in the nourae of euch a 
trc&tnreat the heated oil shale baha\*J a* thocgh it was «fcjeoted 
to tbc abovu-deecrifcsd type of pror»*» for thmally indocing the 
iomatioo of horizontaL fre vtu tes. Socb a behawioar was not 
predictable, tinco tho pr««*pt pxoowa is operated without any 
Injection of any fluid. It appoars that when the hiwcijL process la 
cporatttd wit} tin an iapariwahle oil fihale, the in situ ganaratim 
ana o\tq>laoerrente of hasted airl highly pressurized fluids occurv at 
the timea and to the extents rjuaiad to iwccessively extend and 
boriaccrtally fracture through aajoowraiva portion* of the- oil Shftlo, 
whsn thooa portion* beccne anrdoctively heatod. The zona beirq 
heated appears to undergo a relatively unifura, horwcntal, radial 
expansion through tho oil shale, act the rat* set by tho theml 
conductivity of the oil shale. Id each i*uoea«au.va location in *hich 
a Xerogen pyrolyxJb^g tia^parature ie react-jad, flui<3*. appear to be 
farmed, heated and pressurised ao that ertwtantially aity vertical 
fractures vjh;k±> are formed within the heated zone are subsequently 
cotjvertnd to borircntal fractures. 

AnxUcantw' tests indicated that substantially all of the 
fluid pyrolyoifl proJuctfi of the oil shale tended to rajtoin in at 
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takt Uto locations in vhlch they ver« fomwd until they wcsr* 
fSisplacedf through sufcetarjti&lly horizontal fri.u;turaa, iivto wits 
adiointng tbo hsot-ijyjacL'iTig wclla. In nAHxion, the fxactizra- 
i/iducijig pressure ot fluids in tr* ]«ri2otitai fractures appaaxa to 
]ia«9 lawi j?edaced A3 tins* fluids expanded and nexe coolad as t% 
moved away froi th» hottest portions of the: bmtad ione. 

the praaact prooow smmm to induce the minj of a sane 
of k»ro9eD-jytoiyaliig temperatures through the oil shale 
ijnDKlUctaii' betiicd a zona of localised fra^uring its vhich tha 
fracture* *m, or soon baccsa}, hcarircntal fracturaa, H» hcatiijg 
and fxaoturlag «op«i sea to uttfetga a sabeeacrtlally uniform, 
horizontal, radial axpanaiori through tha ail shele, uwtU th» ron* 
of fracturing reaches a location (raoh as tha borehole; of a 
prochkjticn i*ell) frcn vrtiich tha oil shale gyrulyaia products art* 
withdrawn 

In addition, rajpl irantc have discovered t^iat, at laast <*tmr* 
tha overburden prassur* ia mull, the zone of parwwdDillty that i* 
created betMaan adjacent walla retains a sl^iificantly high ctegxaa 
of pcrseability after tha fbn»tic*i» have ooolad. Htm it appears 
that, <5van if tha ovarborden pxecs&x* is high, an a^licMtion of 
tiia pceawrt process la capable of forming a well-i u fae njau acting 
zeno In which tha penaMbility runaina high or oan be readily 
restored by an injection of fluid aftar aone or all of tha huat ham 
dissipated* And, the eagre* ml location of that permeability can 
be controlled by oontrolll&g tha rata of r«novi&g tloirt from the 
producing walla. 

Tto data obtained by iraasuraxarita ia field tests of tha type 
described above were uicluaiv* oft the thexnail conductivity of tha 
oil uhala fonnafcim, the amount of ail reoovcrahl* by Pi*=h*c 
aivalyrJs at varirjua depths wttiiln heated interval a of tha oil shale 
before and aftar huuting, the raeafluracaot of the xtxzst of 
pyrnlynis prodaots recovered, and the lDce. MiilA no ootMmicatico 
oxistad Lwiw aai t beat inyv+m and producer* at tut start-up, 
icrjecticna ut tha end of the tast dancovtzated tJiat peoasable 
chaaDCls had fbraad, Svi results of standard engineering 
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aalcuUtiorva were ii^itsrtlw of the applicOiliity of a corcspt of 
tha type de-jcriJx.'d abov* to tha nwultfl obtained by tha teats. 

Fiq?»re 5 1?; a 9Taph of TLa&*ar A«o*y yiolde, tJtu tha t»njrt: 
zone in tha fiald rmt, ac a function of d^pth n. 'itc heated 
5 im«rval ostoridad frcn f.2 to 6 m. Tiw uniid curve shows the yields 
hmvore the heating trwalrwwrt and the. dashaJ curva show* the yielxte 
att«r TP*-ortir>9 was canf>i«t*d. The yields b*£acv and aft*r w*»rr 
owwrntialZy the outfiido tim btat^d interval. H» tttosuroaaarrt* 
were made- on cores frm the centre oi tha pittem before heating 

i u and on cores about Ijs an away after hoatiag. Tha variation* winch 
ara ap^rant in tho» yiftldb ar* within the normal limit* at 
accuracy foe tha iwMur.tng of such value** 

Within the heutad interval tbo Fiaehar Aassy yieJd drops fxc* 
on average of 20 gallcna/tnn- before the tu*t to lass 2 

IS gallon*/ ton afoar heating, ifca retortina, efficiency within tha 
proceu ecna Man thus better than Ml of Pitcher Assay, 

The pattern and wxtertt of tbo raaovwry ornfinat tih* fact that 
little oil wis loat owr tha producuig liorizoo through vevtical 
fracture*, in addition, the uniformity in retorting afliciarey 

20 through the haated zone, Indicates that therm 1 fronts wan 
appraxixatisly uniform ever aost of tha heated interval, 

Thz uniformity of the tharml fronts it even nor* apparent ia 
Pigarwi 6 and 7. "rtiey anew hj^izontal and vertical tesperaturc 
profiles oftkaiMtwfl for a wt of vertical tseatara in a five-spot 

2 r j square pattern. Ibu twt and in tte calculations includad four hnat 
in-j^tnrw and one contra producer {ndt tot centered batwaan 

the boe-bors shewn on tha figures* . Each heater uas Baund to be 
34 m lung and haateed at the rata* of HH W/nu 

ltie profiles in riguxtt r> (graphs of taaporature variationa 

30 with distances froQ the heart*?*) w*ra calculated along a horizontal 
Hu^Doot I^Ij which axeend* through the aid-point* of haatara at 
nppoeice corsara of tha nqnare* rigure 7 la a 6tn1 l/\r graph of 
profiles along a vertical w^neot 1^1^ on the axis of tyanetry of 
i±m pattern. 

15 Such calculate oris indicate that by tha tin* retorting 
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baaf»ntux«fl (275-325 °C) art reached at tha omire of the [»tt*im, 
iioro than 87X of it« haa been vjtvurtud whil* cnly Mxut L4t 

of the cenwtad voluay «** heated to more than 325 tt C, F\jrthemcrw, 
the calculations i/*ilioat« that if the power is turned trff or 
5 radunnd fce«or* th# Ointrv i«ctM a targwt f€*pcrAtut» auch am 

3i5 *C, tha dwelling off of tfaa thun] fnxiu will still hwit the 
centre o£ tha pattern to retorting tmapaittturev «v3 will also 
rcAxx tho tMJ?»ratTir» rise at the boater*. lfaia caodfi nf operation 
can ensure that kn than lot of tha heated volutt i* haatad to 
in noc* than Ji5 'C, and thua cad lineman the thrrnal efficiency of 
d« proc***. 

Tn vi aw of thd iibjw* taat ijewolts and the oalcdlatioivi hawed 
an thnaa results, it appeare ttwt, ccotxa to the parlor teaching* 
^d baliaf*, tha liiitiAl inp*nctehility of an oil shale dtpoalt can. 

13 k» utilised aa an advantage. The initial iaparaaiHlity oonfine* 
the fluids and fracture* within the wsll pattorn, aince t» 
P«7»*bUity adMi until th* torn between the heat-Injecting and 
fluid-p m * w ri ng wlis becaoe perrantart by a pattern of heat- induced 
horizontal £r*ctOT©e, 

20 in tfw preeant pcowi, the rate at which heart ie tmsvrittad 

into the oil sfealo dn^ocit ia itrcogly affected by the tCRtorarturo 
gradient between a heat-ijrjectiflg wall and tha surrounding earth 
formation. In a preferred procedure., tha detarwiiHrtiCTUi of 
variations with dopth in tha ccKpoaitton and prooertie* of tha oil 

25 Bhale depoait .include a dotorfnlnation of tha pattern of heart 

conductivity with depth vdttun th» earth faraatiCM ed^nL-tst to tha 
haAt-inj acting wll. Based on auch (9ataminatiaoa the tenpexmtures 
to vjhich at loaat one baat-iirj acting wall is heated an orrangad to 
ba ra-Utlvely high ax the depth* at which the hatt ooDdoctivities 

TO of tha adjacent earth fornatians arc relatively low* Ihie tends to 
aau&e the rate at which heat is transmitted +- h fai gh the earth 
Somatlma to be afcataotially anifesm along the axis of the 
h**t-(TT>ecting well. Known prco*3nre* can be utilized in order to 
provide higher heaperntoree in ixirti^m* erf but injacrting wella 

jj adjacent to aarth forxntione of relatively low heat cmluctivity. 



For exasple, in valla vhieh are being, haated by electrical 
reeistancaa, Additional xepistant slcMAti can be ponitioned at 
tho locatlQA at which axtr* heating 1* retired, preferably with 
precaution* bfing taken to avoid the creation of "run-away hot- 
spots" due to increasing teieparatuse turther increasing tht 
rasietance and thua further increasing tha heatJng, Cor example r 
aa described in the gomnoQly a*»igne«l Canadian patent application 
Serial Ho. 495,854 fllti tioveaber 21, 1945, by P. Vanlteura and 
C.F. Van Bffnond. In walla being heated by coabustlon, wore, or 
larger, or ion heavily cired, burner elements can ba pasitionsd. 
in aucb locations. 

Suitable determinations of compoaitiona and propertiei 
of tha ulnara],* andvor oreenic components of an oil ahale deposit 
and tha variation! with depth in such properties dan ba made by 
means of known vail logging, resarvoi? sampling, and tha liKa 
analytical procedures. The determinations ean utilize pravioualy 
measured geophysical or geochenical data or laboratory or core 
analyses, etc, Jfor exaapU, tha variations with depth in the heat 
conductivity of tha. adjacent formations can be determined by 
calculations based on tha kinds and amount • of aaterlala preaent. 
And; or by thermal conductivity logging Muunntnts, etc. ua 
Patant Ho, 3,647,227 describes a logging tool containing a 
constant output beat source and three temperature mqioci for 
obtaining a log of ralatlva thermal conductivity »itb depth, US 
Patent lo. 3/092,126 describes logging cased or open boraholas for 
temparaturm, tpmdiilc beat and thermal conductivity, employing a 
cone taut output beat source and three temperature sensors, us 
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Patent MO. 3,864, 96* iJescribaa a loggar tot nuking etatlon 
measurements o£ thermal conductivity by heatina a formation Cor & 
tine then measuring the rate at which tAi temperature decays back 
to the *nbUct temperature. Ufl PfttftOt tfo. 3,941,167 doDcrlb«» 
loading thersal conductivity of a ca»«d wall by uwaourin? the 
temparatura of the casing wall before and after passing a ha a tad 
puo)5» along tha vail. 

Aa indicated above, avan with tesp»cC to a fiva-epot 
pattern in which a single fluid-producing wall Is surroundad by 
four heat-in lectins, veils, substantially all of, tbe intervening 
oil 
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shale can b: both retorted a/td uudu rsnmubla. Howewr, Lha prewnt. 
ijTvenLion is. preferably employed in a mhwu ut cixiti^nrxui <urv«n- 
<7r tturtecn-spot patterns — in either oL *hit± p*tt»mii 
(particularly in the thiiteeav^ot pattern) tlx; retorting rata iy 
5 significantly Lncrmasmd by having each f luid-piortuetDg well 
surrounded by six or twelvtt hmrt-inj«?ting w.Us. 

'line wells used in the proseiYt fxroc*fc* can b* ctupitittti by 
mibataotially any ™tfaod for cJnmfog a borehole into and/or 
Gpeniog j pr»-«Ki*tin9 bntaha]* into fluid rxrotmacatioii with the 

10 sitoterrariean oil shaltf lorwiticn to b* and u im oil nhala 

fj^atment interval. In addition 1jo luwljig the tfpwsifiod abswev of 
significant amenta of imbil* vwtwr, tf"dc*nese, and grade- o£ oil 
Ktela, tine interval to which the pi went prtx^w i?i applied should 
be capable ot eoof inliq fluid at lu&it wab«tantially within th« 

lJ treatment interval, at least in rospoct to allowing nu significant 
lftnicace jnto ovar lying locations when the prouuru of tho fluid 
reach** prccera ptwaure, and fractures the f Deration within the 
traatnMnt interval. 7b* benzoin at Mils completed for im in the 
profit prooara should be substantially pnrnllal and Mparatvl by 

-° subnt^ntia.Uy equal distances of at least about 6 jo. DareliciJLe, 

Buparatiuci difitansatt b*twa«m inj actor* and pxcdocaci of frai about 
9 to 30 n are particularly suitable. Boraholftg frea of deviation* 
from parallel, which cauee variation* of more than about 20 per cent 
of the wi-11 distances dry partiaiLarly auitac-1*. 

23 Xn the bea.t-^;j*cUng \fella used in t*« present process, the 

cement or cunrvt-llka notorial which is mjmA to aa&l aloog the faua 
of r.h« oil shnlff fco»ticri in preferably telatively heat.-cendnctiv© 
and nufcatantially nuid-iiaaaooaabla, Particularly profsrtad «wvnta 
ntxt utablu at taqpftratores of at Ltaat about 300 *C, Java a 

yj relatively high tKwwi conductivities, relatively low punaabllity, 
little or no shrinkage* an adequate enea of pvxqpefcility aitf good 
chfodcaJ resistance, etc, Tha pesrnwbiUty and disposition of the 
sealing waterial should provi<3e a ml capahla of preventing any 
•\igmf icairt anount of. fluid flow bvbmmn t*w interior of tha 

^ Jxrrvtole *tkJ Uw fac* of thu oil nhala faraaticn, so that tna 
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u-ajwfirr of teal frcm the **iil to the Conation -lb mbntanMAlly 
«ntiraJy nco.-1uctic« . ttczc portion* of th<i tot-injecting, v»H 
borehole anr sfffjctjivsJy ijicreased in diameter near upper and lowwi 
crxtrci«ltii*ft of thu traetanant interval, fov example, l>y trdcr- 
resKlng, the diatutars ot' the incxinsad portion* art* preferably At 
least about 110% of Lbc nominal torehfijj* di»t*r. Calciui 
aiuairat^-bondeil concretes aiid/or canaota containing ulu«ina- 
siliuata aggregataa tor fir* pwrUcJ.es) are partial Urly *uitdblo 
for use as such foouitlun f«=e-*aaJ.tng JwrbeTials. flxan?]** ot 
suitable oenenta and concrete* inolt*** ttoea described in us 
patents such as 3,37» ( 232j 3,307,332 and 3,593,642. 

Figure s stws « port ion of & teat- injecting will borehole, 
torehola 1, vfaicfa ia auitable for use in the present invention and 
is located within a traattaait interval o± subterranean oil shale 
depew t. ftoietalc 1 ocntfiina wnlonjwH purticxie, *ueh as partima 2 
und 3, irtiicb cm be fonrert by occweutional prooodtarcs such aa 
undorwaating during urillinq, etc, A. casing 4 is atom positioned 
within -die borahoia and miiil ii l into placa with a fluid- 
urpenreablo, haat-cooAjettw material, *nch at oaaantu 

within each enlarged borehole portion, tho casing 4 is 
itejjipped vith at JtMt one hset^cenrioctive metal elawet, soch as 
collar 6, containing radially axtanaiva alaneffita or portions, such 
as flexible weal natters 7. soch hcat-oonductiVQ retctriAjji lorn 
relatively highly cant3nctive paths finr conducting heat frao within 
the interior o/ « borehole to eubatantially tha wail of an enlarged 
portion of the borehole, Dtatpiae of suitable heat-oenductive natal 
elements inclnde natal v«U acmtchare, cattolwiCTi indtacers, 
oentcalizers end the lite such as a tlawoer-Lok Voxbcrjondar, or 
BoltLok TMrbuhooder, «vail*sDl« ffrcn aekerline division ot Bakes: QU 
Tools or a 101 Bar S ofiDtralLtur available- fn» Antelope Oil Tbol 
artf MsiTafActurlng Ccepviy, cto. 

with an aia j ^aaj wi l of the type shewn in rlgare B, at least to 
eot» «ctuot, tha front of tot trarmtted away frcn a heet- 
iujecting well can be kkjub son unifcm alcn; a wartical llrw 
traversing a layer of relatively lav heat awdoctivlty without the 
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nmc*MMXty of waintatning a higher tanparotur* in the portion of the 
well ndjaca**. to that Layer. When a unLConu tM^citur* i h 
inaintalDfiid within tto interior of the borehole, the earth £hn»ti.on 
face alony *uch on *nlargad portion of the borehole bcocutas l»otad 
to »uhrt«tially tlx* aauc t»{Miratnx* a» th* frniwUoa tore along 
narrower portions of tie barmhol*. Since th* face of the formation 
artjoining the borehole is heatxxl to tha hiohe*t ten|*rotare of any 
portion in tha fcsaaUcn, tha twperabure graiiimt witendinj 
radially <u«ay tram the «nUrq«d portion ot the b0xO-hoi« ix ahiftad 
radially away Iron the borehole. 

Tn general, the beating of tho intarior of the h*at-in>*cting 
w»ll cm ba doccwpUahKl by substantially any typa of baating- 
device, such as catxaticn tm*/ox electrical type of beatiay 
oiemts. or the Ukt. Tne beating elenant shoaM extend 
iwbfltBn tidily tliaxjaghcut tfat traataent Interval (preferably 
t>irox*mut at ]ftwt about (*0 per cent of that interval) « Slbmrm a 
ca*ustlm type luting vlvcent is ueed, a gas-fired heater la 
preferred. Tha fbel and oxidants Cor « coqtwetion heater I such a* 
mttom and oxygen) arc praierably supplied trough separate 
conAiita leading through a heat CMcfcanger in Wiich the ioKsdng 
fluids are beatad by the our^owxn* coobasticn products Tho burner 
licoaing and fluid conduits of a nowfrf 1m heater ai^e preferably 
installed within a wall conduit *fcicfa is •urrw^ided by an annular 
apace that ia filled by the oewent Cor waling the face of the oil 
ahalia. oanerally suitabla typaa of combustion headers which could 
be arranged for use in the preeatt proaa-se are in as 

Patents auch aa 2,670, 802, 2,780,450 2,902,270. 

electrical resristeiwe heater is particularly suitable for 
beatuxt the interior of « ha«t-injectirg wall in the present 
process. A pLurality of rctistanoe oleoeots are preferably tavd. 
Tha miitex* elanenb) can be eDunted within or cxtoraai to an 
internal conduit or tod, or suiaaly extorted into the boronolc, K» 
the reuiatoncee are external to, or are free tyf « supporting 
■latent, such as a conduit or rod r tfcay axe preferably eobadded in 
the cacnt diicb seals the faca of the oil tftal* along the 
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txcsitaxint interval. Generally suitablo type* of &l££tri£ol heatm** 
which cculd b« arranged &r uaa in Lhr present procex ara 
daac-ri.bed in US Patent* auuh aw J^72 f 445r Z^M f 06.3j 2,fi70,802i 
2,732,195 envl 2,9S4,826. 
5 in various reservoir situations, porticos of an trU shalA 

dx4»tjt which would f in c^jnrrjj. , he suitable for uu* ax a tzwatmot 
interval, ah cfctycribud in cur pamnt acplJ cata<x>, eney be pttrtartitad 
by natural fracture «id/or piare* of weakness, ouch relatively 
waak reels may Widergp relatively long axtanainna of vertical 

10 t'ractunw whan prwwiurized fluids t*J_ng displroau' oMay faun an 

injection wall hca«i* into thva* This o«y result in extending fluid 
paxjieaewnys Ixyond tiio openings into production w»l.l» arrVor into 
adjaoanfc aqwiftfr* capable of causing an laflov o£ Kotar to an 
oxtHTit LtatriioHntal to the oil r<wovery process. 

j 5 Hfr havu ixj* diauovaced that such prenttture fracture extensions 

can be avoided by drilling and hurting "guard walls* vitrtin such 
relatively vr»k oil shalo 2COM In location* sutroucdintf a pattern 
of ]\act injecttig and fluid producing wlls and/or in locations 
intemdttont b a l wa au a neat inj acting or fluid producing wed I and 

>u an *rjacont aguifier. Such guard walla *ra used for oanductively 
heatiJig the adjoining fbxxtstims substantially tfraaahaut tha oil 
■0*1* interval bo be treated so a txaeperatuze vtiich is too lew to 
gasify significant proportion* of the oil shale organic components 
but is high enough to oeaitot a idynifiiacrt tbasrael axpanaicn. of tha 

25 roefcs. Mum thoee rocks axe heated the natural fractures ore k*vfc 
clo&sai and tha fracturing caused by tha apo teaching pressurized 
fluid? (displaced away free* l**t- injecting wells* tends to )» 
liDdtocl to horitcntal fractaraa consantratad along the side* nearest 
to the heat.-irrtflcfcl'n? wells. Mbcro fluid producing 'Mils are 

30 Located anbatnntially batuaaa tba beitt-xnrlectirjQ valla and the 

guard wells, the fractures arc j^o&uMttially sxtsoted into those 
well?, vterc the high fluid prousuns axe quickly raducad by the 
production of the iitflowing fluid. 

tba «B-cOTttaxing of such relatively weak reservoir rocks is 

33 apt to be indicated by an inflow of water into tael Li driJ Jed into 
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such roduu m gsmral , tha natural fractions*. tjrr<ut.inq o i-*l;it.iv<8 
waoJcnwM and/or watcx inflow can be tb«mily clo&od by a 
mlativ»Jy mid h»«%inq, m Lcog tho fracture porosity ii ixjt 
irerc than alcut 3 pitr cwttL, 



CLAIMS 

L . In a prooo«c In which oil is praaunsd trm a lubterranww oil 
flhala- dapoaiu by extending at iua»t am «ach of heat-inject ij,g *nd 
f luid-praajcino into the dopoalt, ttfitafeliflbiiTg a haat- 

ocniictiva flui<*-ii^etniMbie barrier beewacn the interior of each 
n«t-injcctiiig wll <ind tha adjaoant dspoait, and than Matiraj U*> 
*nt*oor of each hcat-ijrrjoctiog wall at a tMpaxatm* auffiitriant to 
oonduc±iwRly hn*t oil shale terogsn and oau» pyrolysla i^cckicta to 
fern Ccactum within tha oil ahale deposit through which the 
pymlysi5 products aro diaplocad into rt laoat cxm pnsductien well, 
an Japrovwont for enhancing- ti» unifontity of tha l»at front* 
fflovia^ thr©y^ tha oil afcaie clqp<ait, \Aicb ccaptlficai 

datanriiriiig variaticne K±tJi dapch j» tha ccP¥*wit3on ajvi 
propcirtiofl of tha oil ehala dapoait; 
convicting said haat-in)*cting and fluid-ptoducino. 4*11* 
wiactively into a tareataoiit interval of oil ahala in which 
th» oil ahaXe deposit (a] i» at least about 30 m thix*, (b) is 
»*atantially iapemeabla and free of nobUe nater, (c» has a 
occvoaltioa and tfikJuvu** ioch that. i±m product of tlia a\*rago 
Fiechar A«tay grade tinea tha tiUctaesa of tha treatwnt 
interval Lm at laaat aboot 900, and W) thereby cmtaina 
cco|xnent.5 capable of interacting in a xauar er^arciag tha 
uiifqmijty of a front of oortfoetfctoly trana»lttod boat, with 
said walla baing arranged ao that, at leaat aiiistantieUy 
chrcojhait Mid txMtnent iTroerval, tha wall borehole* are 
substantially ^aralial and am aaparzrtad by aqbetantially 
equal distarjoaa of at least about 6 a; and 
- within tha interim of each haat-inlacting t»11 maintaining an 
av*m^ taaparotuzw tdlich, aalactively alon? mid txaetsamt 
interval, is at loaot about Wo *C, bot in rat high accugh to 
thezaally 4ange cqpaitmatt within the Mil, whila beat la 
beij^ traaanitted «wty frcn the veil at a rate not aigoi- 
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flcantly ff&stor than that parodttad by the thajOTal nan- 
cfcctivitiea of the CAtth ibilfcrtiuiu jd]<xJHnt to tfcm baata3 
xrct«rv«J vntMn th» veil. 

2. TTtf procatfa of 3 in which, to tha extent, required to 
5 keep t]*? ratw at *terfi hut is trwwdttiKJ ttirnxjti trie- oil shale 

dapoait «*J&otant±ally uriiionu along tb^ axu of tha hcotad interval 
of tha heat-injecting veil, tbc t*aparatur« at wiiicfa at 
leawt one heat-injecting' well Is heated 1a rel.uively oigher At 
depth* adjacent to partiona of the oil shale deposit tn which the 
10 boet OQrtductivitiae an relatively lower, 

3. The pccccsa of clada 1 in which tha rota uf heating tha 
interior of least one ft*ac- injecting well is varl£s3 to an extent 
cauaimj on affectiva levelling off of Che throni). front no r*iAt Chfl 
rata of. advance thmrjh tha oil jjhale of the thaxnal front t » 

(5 oontdaoed at substantially tha sum rat* while tha cats of bier^fid 
of tha tmptrtxzm wichin tha hereto k> is significantly rodncwd- 

4. Tba pKooara erf clain 1 is *4i±ch tha haat-jjijeefcing aid 
nuid-producing walls are arranged in a aeries of contiguous 
patterns in which each flitLd-pcoducing wtll is aocfojodad by ut 

20 least four baat-injeefciaj well*. 

9, Tha prooaaa of claim a in which each fluid-pcotiicing vasU is 
surrounded by twelvw hsatriiijexAina. wall*. 
6* ift* process of claim 1 in which the oil whale grade is at 
laaat. about 2(1 gallon* per ton and the gradeHauctaesa product is 

23 at least about 45M. 

7 . process of o La lit L r ccapriiiiag the atop* of 

in each heat-in jactino i«l] , aubstantially thacoflboot tha 
treatoent Interval, sealing the faoo of tha oil ahela fonnatiori 
with a •olid nmtarial wtdcti ia xalativaly heat-oandoctive and 

>0 substantially fluid ijqpanaaablAf 

in at least one heat-injecting well increasing the effective 
dim»Var of tha bnojhola in at laaat or* portion of tha txaatxacit 
interval and ^j"— at laaat ana haat-aeadectiwa ratal alaoaot 
ttcn within tha ir^Finr of the borehole to no&r the face of the 

35 30-onlarg*d portion of the borehole? and 

In oaoh Iluld-^aroducing wall, e*e*antially throughout tha 
trea Heart Interval, eetablishing Moid ccaaunicatlon batwaen tha 
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well bore and tfi© oil stole fcanation and arranging the wtJ 1 for 
prwixdnq f lnid fro* ihe oLl shale forma Cion. 

8 . Tha prooasa of clai» 7 in vhich tisa ntazial waling tiar faoa 
of th» oil shala f amotion along th* borwhola ot a txwft-in >otltjg 
5 well la a ccsnent axraogjed to fill substantially all of the space 
bcl-wwi the outaruofct aatallicr *Lenbnt» within tho interior of the 
borehole and fcha faa» of the oil shale fonsafclCTi, wtch. oarwnt 
havinq a thajawl ci^iAwrtj v ity at 3«Hfft wbatanttal ly aa taigb <i» 
that of tto oil thai* forme tioo. 

(0 9. ttis process of claini L iii which at leaa*. one well located near 
*n «dga of a patbeni oi heat-tnj acting ard nuid^produeincx valla i« 
ajftxifidad substantially tinoughout ttaa traartnant interval and ftaurtad 
At a tcrp«raturtt high arucgh to mi— a thamnl wv&LCddjxf and/or 
ccnprcsoivc stressing of tho- Adjacent earth fornatioos bat lew 

15 trough to avoid significant thana! acoiliJjation of organic 
occapenant* of tba oil aba lu. 

10 . The process of cialn 9 in wfaich at least ana to heated well is 
Aubceajuontly heated at about the taaporature selected Cor the 
^ eating of the h©*t-in)eetiog wella being employed. 
20 II- pecoeaa of claiT* 1 U which the well hrw na hM a * of aald 

haat-irtjactioti and floid producing walla &f* aapexatfld by 
tubstantiaily equal distances of about 9 to 30 a. 



Smart & aiwflr 
Ottawa, Canada 
«t*ni Agents 
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AB3TPACT 



oo w x er cygiy hbmric a subtbhunbmi on, shale to 
cpbkt* psmeMoij?r *ro ^nacnmrny ptocxcb oil 



Shalt oil La. tfubewpwrttly produced fecn a *ii*xirmnGen 
interval of oil thai*, where tlw interval Ls initially 
substantially topaTroatolt end certain « i^cifiad gc*d» and. 
thickness of oil jhala. Said in*»rval ia CT^ducttweiy haAtad fron 
hmmholy J.nrt*rlora which axe kept hotter than about «00 *c and ar* 
heated at a rate such that Slogan pyrolysla proctor formed within 
hh» oil ahO* cisatat and tlcu through bcariaaotal ffracturea which 
wjbaaKjuaotly Iwxko cartandad Into fUUd-pcodJClcig uolls that axe 
positioned ia apaclfAad loaatLan** 



